The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. A detailed knowledge of how the ions transport through the membrane is needed in order to understand how it affects the ionic conductivity and stability of anion exchange membranes. Predictive tools have been created for hydroxide ions transporting through the membrane, however models are needed for predicting carbonate ion transport. Building on this knowledge from hydroxide ion transport, models will be developed to predict carbonate ion transport by using theory as well as experiments. A theoretical approach based on the dusty fluid model (DFM) 
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APPROACH: (One-to-two paragraph description of approach taken to accomplish objective(s)).
A detailed knowledge of how the ions transport through the membrane is needed in order to understand how it affects the ionic conductivity and stability of anion exchange membranes. Predictive tools have been created for hydroxide ions transporting through the membrane, however models are needed for predicting carbonate ion transport. Building on this knowledge from hydroxide ion transport, models will be developed to predict carbonate ion transport by using theory as well as experiments. A theoretical approach based on the dusty fluid model (DFM) will be developed to describe the carbonate ion transport. The DFM has been successfully used to predict transport in anion exchange membranes where it can describe hydroxide ion transport. Using this theory, the effects of carbonate ions in the AEM can be studied based on how ions transport through the membrane. Theoretical results were validated using experimental facilities constructed at the University of Connecticut (Storrs, CT) and the Army Research Laboratory (Adelphi, MD) to measure ionic conductivity and carbonate ion flux of the membrane. By exposing one side of a membrane to carbon dioxide, the carbonate flux was measured as well as the ionic conductivity of the membrane. The results were compared with the theoretical solutions for validation.
SUMMARY: (Text, figures, tables, and images that provide major accomplishments of project. Entire document not to exceed three single-spaced pages.)
Carbonate Ion Transport Model Andrew Kiss, graduate student, is leading the development of a numerical model and experiments to predict carbonate transport in AEMs. He began with a diffusion model that included the membrane as an interacting species named the dusty fluid model (DFM). With this model, an expression to solve for the ionic conductivity of the membrane can be derived which is a function of several important parameters such as diffusion coefficients and free ion concentrations. The diffusion coefficient of the ion in the membrane is difficult to quantify since it is a strong function of the local hydration of the membrane. A diffusion coefficient for water in the membrane was experimentally measured using a permeation based water flux setup at the University of Connecticut.
To arrive at an ion-membrane diffusion coefficient, principles from kinetic theory are used to scale the existing water-membrane diffusion coefficient to the desired ion form. The scaling by kinetic theory allows ion-membrane diffusion coefficients to be calculated with the knowledge of ion properties, such as mass and hydrated radius, and total ion concentration. The concentration of free ions in the membrane is based on equilibrium chemistry and can be fitted to best match experimental results, as shown in Figure 1 .
Applying this theory to a SnowPure Excellion I-200 AEM, the effect of carbonate can be observed in Figure 2 . Carbonate and bicarbonate have lower diffusion coefficients than hydroxide. Hydroxide has a small mass and hydrated radius compared to the other ions and based on kinetic theory should have the largest diffusion coefficient. Two experiments were performed with this membrane: one with the membrane in the hydroxide ion form, and one with a mixed carbonate/bicarbonate form. Solving for ionic conductivity in the hydroxide form, it can be seen that the ionic conductivity of the membrane is greatest. The mixed carbonate form saw a decrease in performance which is attributed to several factors including a lower ion diffusion coefficient and lower free ion dissociation. These results were presented at two technical conferences [1,2] and a journal manuscript is currently being prepared [3]. . These results will be submitted to the 224 th Meeting of the Electrochemical Society, and journal manuscripts are currently being and prepared.
